These data suggest that the genes in the general AMPBP class may not encode fatty acyl-CoA synthetase activities, but some other related enzyme activities.
Discussion
Despite its small genome, A . thaliana has a very large and complex AMPBP gene family. We have identified 20 members of this family in Arabidopsis that bear strong homology with ACS genes from other organisms. To simplify our efforts in understanding the role(s) of ACS in triacylglycerol metabolism, we sought to characterize and compare this large group of genes. Phlyogenetic analysis shows that these genes fall into two large groupings, designated the ACS and AMPBP groups. These data suggest at least two possibilities. One is that one group encodes true fatty acyl-CoA synthetase activity while the other group encodes some ACS-like activity. T h e other possibility is that both groups encode ACS activity, and differ because they arose from different ancestral genes. This question was analysed by expression of several members of both groups in a yeast strain lacking most of its ACS activity [S] . T h e preliminary results show that several members of the ACS class, but none of the genes in the AMPBP class, complement the phenotype of this yeast strain. These results suggest that the members of the A C S class encode authentic fatty acyl-CoA synthetase enzymes and are the most attractive targets for manipulation and study in transgenic oilseed crops.
Abstract
One of the major goals of modern plant biotechnology is to manipulate lipid metabolism in oilseed crops to produce new and improved edible and industrial vegetable oils. Lipids constitute the structural components of cellular membranes and act as sources of energy for the germinating seed and are therefore essential to plant cell function. 
Introduction
Enzymes involved in plant lipid metabolism are important to understand because of the potential roles they play in the modification of oilseed metabolism. D e novo fatty acid synthesis occurs in the plastid. An acyl-CoA synthetase (ACS) activity has been localized to the outer envelope of the plastid [1,2], which allows the activation of fatty acids to their CoA esters for release into the cytoplasm for utilization in membrane biosynthesis or incorporation into triacylglycerol. ACS activity has been identified in pea [1,3], safflower [4] , spinach [2] , elm, rape and maize [5, 6] , and in rat, yeast [7] and Escherichia coli [8] . Despite their crucial role in lipid metabolism, ACSs have not been well characterized in plants.
Reverse genetics were employed in order to understand the role of a plastidial ACS in plant Biochemical Society Transactions (2000) Volume 28, part 6 lipid metabolism. We identified a transfer-DNA (T-DNA)-tagged Arabidopsis mutant with an interrupted ACS gene which we believe to encode a plastidial isoform. This paper describes the partial characterization of this ACS isoform. A better understanding of the biochemistry and biological function of the plastidial ACS isoform will be critical to the overall knowledge of lipid synthesis in leaf and seed tissues.
Results

Analysis of RNA expression profiles
T h e RNA expression profiles of several isoforms of A . thaliana ACS were examined. T h e pattern of transcript accumulation of ACS2 suggests that it might be localized in the plastid. T h e ACS2 transcript is most abundant in young leaves, developing seeds, roots and flowers. Northern analysis indicates that the ACS2 transcript abundance decreases with age in developing siliques (results not shown).
Chloroplast import assay with ACS2
Chloroplast import assays [9] were performed in order to determine if the ACS2 protein was targeted to the plastid. After import, intact chloroplasts were isolated and treated with lysis buffer (25 mM Hepes+5 m M MgCl,), 3 M NaCl or 100 m M Na,CO,. T h e negative control, luciferase, is not imported. Pea Rubisco small subunit is targeted to the soluble fraction. A tomato hydroperoxide lyase (LeHPL, an outer-envelopetargetted protein; J. Froehlich and G. Howe, unpublished work) and ACS2 are localized in the chloroplast membranes. Harsh chaotropic conditions (Na,CO,) dissociate ACS2 from the chloroplasts.
Analysis of a T-DNA-tagged ACS2-knockout mutant
T h e T-DNA-tagged populations of A . thaliana were screened for the presence of an individual with a T-DNA insertion in the ACS2 coding region. A plant homozygous for such an insertion in the ACS2 coding region would display stunted, wrinkled leaves, a shortened floral bolt and relatively low seed yield. Analysis of the fatty acid composition was done on the ACS2-knockout mutant to determine if the absence of ACS2 has a pronounced effect on the fatty acid profile. Fatty acids were extracted and analysed by GC. There was no significant difference between the fatty acid profile of the wild-type and mutant plants.
